INFORMATION SEARCH SYSTEM AND
INFORMATION SEARCH METHOD USING INDEX

FIELD
[0001]

The present invention relates to information search techniques, in particular, to
an apparatus and a method for creating an index for conducting a search on a database

based on collected information, and to a program for executing such method.

BACKGROUND
[0002]

Currently, various information search services using computer systems are
provided. For example, a so-called “Internet search” is an information search service
provided on a website for conducting a search on a vast amount of information
(resources) dispersed on the Internet. Typically, a server program referred to as a
search engine at a service provider performs an index search based on a search query
provided by a user, and then provides the user with a search result. In such
information search service, the search engine typically causes, in advance, a robot agent
referred to as a crawler to regularly visit web pages on the Internet, and to collect and
analyze information on the visited web pages in order to create an index for conducting
a search on a database. When the user accesses a search site via a web browser and
enters text that the user wants to search (a search query), the search engine analyzes the
search query to conduct a search on the index and scores the extracted results based on a
predetermined ranking algorithm in order to provide the user with the search result
obtained by sorting the extracted results in score order.

[0003]

Such a conventional index-type search engine creates an index directly from

the information collected in advance by the crawler, and the user therefore obtains the

search result based only on the indexed information. Accordingly, for example, Patent
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Document 1 listed below, proposes a technique in which one or more federated searches
are indexed in accordance with index criteria, a query is compared to one or more of the
index criteria, the query is matched with the index criteria, and results from one or more
indexed federated searches associated with index criteria associated with the query are
provided.

[0004]

Patent Document 2 listed below, discloses a machine translation apparatus that:
divides an original text into phrases; obtains a paraphrase that forms a pair with one or
more of the phrases based on paraphrase information; and obtains a paraphrase lattice
that includes a phrase set using one or more phrases and one or more paraphrases, in

order to obtain a high-precision translation.

PRIOR ART REFERENCES

Patent Documents

[0005]

Patent Document 1: Japanese Patent Publication No. 2015-133151

Patent Document 2: Japanese Patent Publication No. 2011-180823

SUMMARY
Problems to be Solved by the Invention
[0006]

The above-described information search services are widely spread throughout
all sorts of human social activities and, as one example, the medical field is no
exception.

[0007]

For example, in order for a new medical treatment or drug candidate to be
approved as a standard treatment, clinical testing needs to be carried out to confirm the
efficacy, safety and any other aspect of such treatment and drug. Typically, medical
practitioners, such as physicians, formulate clinical testing plans based on their

expertise, taking into consideration the content and significance of the treatment and all
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possible matters, including side effects. For this purpose, medical practitioners need to
collect all types of information (e.g., names of diseases and drugs) related to subjects’
diseases when formulating the clinical testing plans. For example, medical
practitioners may extract information on other clinical testing, academic papers and any
other information from database systems using the related information, and determine
procedures based on such information.

[0008]

As a practical matter, however, one specific word or expression (phrase) is not
specified uniquely to one specific concept and a plurality of phrases typically exist for
one specific concept. Especially in a specialized field like the medical field, a plurality
of phrases, more specifically their synonyms, equivalent terms, related words,
abbreviations and foreign words, and even derivative words and the like derived from
the foregoing words (each of these will be referred to as the “related phrase” and also
collectively referred to as the “related-phrase family” hereinafter), are commonly
present for one specific concept.

[0009]

If a medical practitioner conducts a search on a database system based on
related information that is biased (while the medical practitioner him/herself usually
does not recognize that such information is biased), there is a possibility that
appropriate information may not be obtained and this may affect the formulation of the
clinical testing plans.

[0010]

As described above, the existing index-type search engine creates an index
solely based on headwords directly obtained from the collected information.

Therefore, only the search result solely based on such headwords may be obtained.
Alternatively, if a specific word given as the search query is not present in the index as a
headword, an alternative word is selected that is considered to be close to the specific
word (e.g., a correctly-spelled word for an incorrectly-spelled word) and the search is
merely conducted based only on such alternative word. Therefore, the scope of the

words provided based on the search query is limited.
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[0011]

The information search technique disclosed in Patent Document 1 conducts a
federated search on an index associated with the index criteria based on a given search
word and provides the results thereof; however, words associated only with the given
search query are merely indexed and thus the scope of the words provided based on the
search query is again limited.

[0012]

Moreover, the machine translation apparatus disclosed in Patent Document 2
obtains the set of phrases by paraphrasing the phrase in the original text; however, such
set of phrases merely utilizes a paraphrase that directly corresponds to the phrase in the
original text. Patent Document 2 is directed toward a machine translation technique
and thus, such technique cannot be directly applied to the index creating technique such
as that used in search engines.

[0013]

In view of the above, a technique is desired that enables a search to be
conducted in an extensive and efficient manner on a related-phrase family based on a
specific phrase in a specialized field, such as the medical field; however, the above-
described conventional information search technique is far from sufficient.

[0014]

In addition, if a user can recognize the grounds for the extracted search result
when such search result is provided, such grounds may be conveniently used for a
following search. In particular, if the search result is not obtained directly in response
to the phrase in the search query but is instead obtained in response to a phrase related
to the phrase in the search query, the user needs to know based on which related phrase
the user obtained the search result.

[0015]

An object of the present invention is to provide a technique for creating an
index, in an index-type search engine, that allows a search to be conducted efficiently
on collected information.

[0016]



More specifically, an object of the present invention is to provide a technique
for creating an index, in which not only a specific phrase contained in a collected
resource but also extended phrases, such as its synonyms, equivalent terms, related
words, abbreviations and foreign words, and even derivative words derived from the
foregoing words, are used as headwords.

[0017]

In addition, an object of the present invention is to provide a technique that
allows a search to be conducted efficiently on collected information that served as a
basis for the index creation, and also allows an extraction to be made, even if a search
query from a user includes a phrase other than phrases contained in such collected
information.

[0018]
Moreover, an object of the present invention is to provide a technique that

enables such user to recognize the grounds for the extracted result.

Means for Solving the Problems
[0019]

The present invention is configured to include the following matters specifying
the invention or technical features in order to achieve the above-described objects.
[0020]

The invention according to an aspect is an apparatus for creating an index for
conducting a search on a database based on a resource including a text sentence. The
apparatus may comprise, for example,: a dictionary that includes a plurality of phrases
associated with each other for each specific concept; an input interface unit that receives
an input of the resource; a text processing unit that performs processing for extracting a
plurality of words, as tokens, from the text sentence in the received resource; a directed
graph generation unit that generates a directed graph (a lattice) representing a
connection relationship between the extracted plurality of tokens in accordance with the
text sentence; a directed graph search unit that conducts a search on the directed graph

based on a search-target-phrase and that, if the search-target-phrase is found in the
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dictionary, locates a location in the directed graph where the search-target-phrase
appeared; and an index creation unit that creates an index indicating association with the
resource based on the plurality of tokens in the directed graph. The directed graph
search unit may be configured to set at least one token in the directed graph to be the
search-target-phrase and refer to the dictionary based on the set search-target-phrase.
The directed graph generation unit may be configured to add to the directed graph,
based on the dictionary, a new token that is based on at least one phrase associated with
the search-target-phrase in order to update the directed graph.

[0021]

Based on the above-described configuration, the apparatus is enabled to create
an index including, as headwords for the resource, not only a phrase contained in the
text sentence in the resource but also the related-phrase family including a paraphrase of
such phrase. The apparatus proceeds with the search while updating the directed graph
generated based on the text sentence, and thus the apparatus can include, in the related-
phrase family, not only the paraphrase directly related to the phrase in the text sentence
but also an indirect or derivative paraphrase related to the phrase contained in the
directed graph at the time of update.

[0022]

The text processing unit may be configured to perform a predetermined syntax
analysis on the text sentence in order to extract the plurality of words as the tokens.
This allows a directed graph to be generated that is based on the text sentence.
[0023]

The directed graph generation unit may be configured to generate the directed
graph in which neighboring tokens, in the plurality of tokens, are connected to each
other by anode. The directed graph defines the token as a label of an edge and may
have a data structure represented by connecting the edges by the nodes.

[0024]

The directed graph generation unit may be configured to connect the at least

one phrase associated with the search-target-phrase found in the dictionary between a

node in front of and a node behind the appearance location in the directed graph.
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[0025]

The directed graph search unit may be configured to conduct a search on a
directed graph updated by the directed graph generation unit. Accordingly, as the
directed graph to be searched changes dynamically, not only the phrase in the text
sentence but also the new phrase that has been paraphrased is further paraphrased.
[0026]

In addition, the directed graph search unit may conduct a search on the updated
directed graph so as to avoid a re-search of a token that has already been searched in the
updated directed graph.

[0027]

The directed graph may include a plurality of nodes that connect neighboring
tokens to each other in the plurality of tokens. The directed graph search unit may
store a node that is associated with a token that has already been searched as a searched
node and conduct a re-search on a token that is connected to a node other than the
searched node.

[0028]

Further, the apparatus may comprise a data arrangement that indicates a tree
structure arranged based on the plurality of phrases included in the dictionary. The
tree structure may be a trie or a prefix tree that includes an ordered node corresponding
to each of the plurality of phrases. The directed graph search unit may conduct a
search on the directed graph with reference to the tree structure.

[0029]

Moreover, the directed graph search unit may determine that the search-target-
phrase has appeared in the directed graph, if the search-target-phrase matches at least
one phrase corresponding to at least one ordered node in the tree structure.

[0030]

Further, the directed graph generation unit may add to the directed graph a new
token that is based on at least one phrase in the dictionary in order to update the directed
graph, the at least one phrase being associated with the matched search-target-phrase.

[0031]



The index creation unit may be configured to extract an N-gram based on the
plurality of tokens in the updated directed graph and create the index based on the
extracted N-gram. Accordingly, an index is created that includes phrases other than
the phrase in the text sentence in the resource as N-grams.

[0032]

In addition, the index creation unit may be configured to extract a word-based
N-gram (a word-N-gram) as the N-gram. Such word-N-gram is based on the tokens in
the directed graph and thus an index is created that is suitable for a search based on the
related-phrase family.

[0033]

The invention according to another aspect is a search apparatus or a search
engine that comprises: an index created by the above-described apparatus; a resource
information file that is related to the resource associated with the index; and a query
server that conducts a search on the index based on a search query, identifies a
predetermined resource from the resource information file based on the result of the
search, and outputs a search result indicating the identified predetermined resource.

The query server identifies, based on a directed graph being obtained from the identified
predetermined resource and including a predetermined related phrase that is related to a
phrase in the predetermined resource, a ground phrase that served as grounds for the
predetermined resource to be identified and an original phrase, in the predetermined
resource, that is associated with the ground phrase. The search result includes the
ground phrase and the original phrase. This configuration enables a user to recognize,
in addition to the searched resource, a ground phrase that served as grounds for such
resource to be searched and an original phrase related to such ground phrase, as a search
result in response to the search query.

[0034]

The invention according to a further aspect is a method for operating an
apparatus for creating an index for conducting a search on a database based on a
resource including a text sentence. The method may comprise, for example: loading a

dictionary including a plurality of phrases associated with each other for each specific
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concept into a memory accessed by a processor of the apparatus; receiving an input of
the resource via an input interface unit; performing text-processing for extracting a
plurality of words, as tokens, from the text sentence in the received resource; generating
a directed graph representing a connection relationship between the extracted plurality
of tokens in accordance with the text sentence; searching the directed graph based on a
search-target-phrase; and creating an index indicating the association with the resource
based on the plurality of tokens in the directed graph in order to register the index in the
database. The searching the directed graph may include setting at least one token in
the directed graph to be the search-target-phrase; referring to the dictionary based on the
set search-target-phrase; and if the search-target-phrase is found in the dictionary,
locating a location in the directed graph where the search-target-phrase appeared. The
generating the directed graph may include adding to the directed graph, based on the
dictionary, a new token that is based on at least one phrase associated with the search-
target-phrase in order to update the directed graph.

[0035]

The invention according to a further aspect is a method for operating a search
apparatus for conducting a search on an index based on a search query and for
identifying at least one resource from a resource information file based a result of the
search. The operation method may comprise: based on a directed graph being obtained
from the identified at least one resource and including a predetermined related phrase
that is related to a phrase in the at least one resource, identifying a ground phrase that
served as grounds for the at least one resource to be identified and an original phrase, in
the at least one resource, that is associated with the ground phrase; and outputting
information, as a search result, indicating the predetermined resource, the ground phrase
and the original phrase.

[0036]

The invention according to a further aspect may be a computer program or a
computer-readable recording medium having recorded thereon, in a non-transitory
manner, such computer program for causing a computing device to implement the

above-described respective methods.



[0037]

It should be noted that, in the present specification, etc., a means not only
simply refers to a physical means but also includes the case where the function of such
means is realized by software. Moreover, a function of one means may be
implemented by two or more physical means, or functions of two or more means may

be implemented by one physical means.

EFFECT OF THE INVENTION
[0038]

According to the present invention, an index is created, in an index-type search
engine, that enables a search to be conducted in an efficient manner on collected
information. Such index enables the search to be conducted on the collected
information that served as a basis for creation of the index even with a phrase other than
a phrase contained in the collected information.

[0039]

According to the present invention, a user is enabled to recognize the grounds
for the search result. In particular, the user is enabled to recognize a related phrase that
served as the grounds for a resource obtained in response to a search query, even when
such resource is not directly obtained in response to a phrase in the search query but is
instead obtained in response to the related phrase that is related to the phrase in the
search query.

[0040]

Other technical features, objects and effects or advantages of the present

invention will become apparent from the following embodiments described with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041]
Fig. 1 is a block diagram showing a schematic configuration of an information

search system according to an embodiment of the present invention.
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Fig. 2 shows an example of a database in a search engine according to an
embodiment of the present invention.

Fig. 3 is a diagram for illustrating an example of a dictionary in a search engine
according to an embodiment of the present invention.

Fig. 4 is a block diagram showing a schematic configuration of an indexer of a
search engine according to an embodiment of the present invention.

Fig. 5 shows an example of a text sentence to be entered into a text processing
unit of a search engine according to an embodiment of the present invention.

Fig. 6 is a flowchart for illustrating index creation processing by a search
engine according to an embodiment of the present invention.

Fig. 7 shows examples of part of an initial directed graph generated by a search
engine according to an embodiment of the present invention.

Fig. 8 is a flowchart for illustrating search/update processing of a directed
graph by a search engine according to an embodiment of the present invention.

Fig. 9 is a diagram for illustrating an example of a process in which part of a
directed graph is expanded by a search engine according to an embodiment of the
present invention.

Fig. 10 is a diagram for illustrating an example of processing in which a
directed graph is expanded by a search engine according to an embodiment of the
present invention.

Fig. 11 is a flowchart for illustrating search processing by a search engine
according to an embodiment of the present invention.

Figs. 12A and 12B are diagrams for illustrating an example of a process in
which search grounds are identified based on a directed graph of a resource searched by
a search engine according to an embodiment of the present invention.

Figs. 13A to 13C are diagrams showing an example of a search result screen
displayed on a client in an information search system according to an embodiment of
the present invention.

Fig. 14 is a diagram for illustrating another example of a dictionary in a search

engine according to an embodiment of the present invention.
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Fig. 15 is a diagram for illustrating an example of a trie in a search engine
according to an embodiment of the present invention.

Figs. 16A and 16B are flowcharts for illustrating another example of
search/update processing of a directed graph by a search engine according to an
embodiment of the present invention.

Fig. 17 is a diagram for illustrating another example of a process in which part
of a directed graph is expanded by a search engine according to an embodiment of the
present invention.

Fig. 18 is a block diagram showing an example of a hardware configuration of

a search engine according to an embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS
[0042]

Embodiments of the present invention will be described hereinafter with
reference to the drawings. The embodiments described hereinafter, however, are
merely illustrative and there is no intention to exclude various modifications and
applications of techniques that are not explicitly described hereinafter. Various
modifications (such as combinations of the respective embodiments) of the present
invention may be implemented within the scope not departing from the spirit of the
present invention. In the description of the drawings hereinafter, identical or similar
parts are denoted by identical or similar reference numerals. The drawings are
schematic and do not necessarily correspond to the actual dimensions, ratios or the like.
Dimensional relations or ratios between parts may differ with respect to each other
among the drawings.

[0043]

Fig. 1 is a block diagram showing a schematic configuration of an information
search system according to an embodiment of the present invention. As shown in Fig.
1, the information search system 1 of the present embodiment is configured to include at
least one search engine 20 and at least one client 30, which are communicably

connected to each other via a computer network 10.
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[0044]

The computer network 10 typically includes an [P-based computer network,
but the configuration is not limited thereto. For example, a network of any protocol
that allows communication between nodes may be applied for the computer network 10.
[0045]

The search engine 20 is a computer system that provides the client 30 with an
information search service and may be implemented by, for example, one or more
general-purpose computing devices. Specifically, the search engine 20 is a virtual
machine that is embodied, together with other hardware elements, by one or more CPUs
(processors) on a computing device executing, for example, a search engine program of
the present embodiment on a predetermined operating system (OS). The search engine
20 may be implemented with a virtual technique. The hardware configuration of a
computing device that implements the search engine 20 is shown in Fig. 18; however,
since such configuration is known, a detailed description thereof will be omitted here.
The search engine 20 in the present embodiment is an index-type search engine and has,
for example, a function of creating/updating an index and a function of database
searching based on such index. As shown in Fig. 1, the search engine 20 is configured
to include, for example, a crawler 21, a dictionary 22, an indexer 23, a database 24 and a
query server 25. It should be noted that, from the point of view of a user who intends
to conduct an information search, the search engine 20 is a virtual machine (a search
engine in a narrow sense or a search apparatus) that implements the index-based
database search function.

[0046]

The crawler 21 is an automatic crawling agent program for automatically
collecting a wide variety of resources on the web (e.g., webpages, documents, images,
programs, etc.). In particular, the crawler 21 periodically visits websites while
following links in webpages and collects resources in the websites. For example, the
crawler 21 may collect resources in the websites pertaining to specific domains of
expertise. The crawler 21 may temporarily store the collected resources in, for

example, a storage device (not shown). In the information search system 1 of the
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present embodiment, a known crawler 21 may be applied and thus, a detailed
description thereof will be omitted here.
[0047]

The dictionary 22 includes one or more files or tables in which a plurality of
phrases associated with each other regarding a specific concept are stored, but the
configuration is not limited thereto. For example, the dictionary 22 may be configured
as a static file or table, and may not be memory-resident and may be dynamically
configured as a dictionary model (e.g., a neural network model) in which the
relationship between the phrase families is built in accordance with a predetermined
algorithm. The term “phrase” used in the present disclosure refers to a term or an
expression made up of a single word or a sequence of two or more words. The
plurality of phrases associated with each other is referred to as a related-phrase family.
As an example, the related-phrase family may include synonyms, equivalent terms,
related words, abbreviations and corresponding foreign words, and even derivative
words and the like derived from the foregoing words. The dictionary 22 may be
constructed based on available information sources in a manual, semi-automatic or full-
automatic manner. In the case of the medical field, various dictionaries provided by
the National Cancer Institute (NCI) are used for constructing the dictionary 22. The
dictionary 22 is referred to when the below-described indexer 23 creates an index 241.
[0048]

The indexer 23 registers the resources (e.g., information related to the
resources) collected by the crawler 21 in the database 24, analyzes the content
(typically, text sentences) of such resources, and creates and updates the index 241 in
accordance with the analysis result. In general, the indexer 23 of the present
embodiment: divides the text sentence contained in the resources down into several
tokens; creates a directed graph (a lattice) based on the tokens; conducts a search on the
directed graph in accordance with a predetermined phrase with reference to the
dictionary 22; and expands and updates the directed graph under a predetermined
condition. The updated directed graph becomes a new directed graph to be searched.

The indexer 23 then extracts headwords using a predetermined approach (e.g., the N-
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gram approach) based on the expanded directed graph and associates the headwords
with the collected resources (i.e., indexes the collected resources with the headwords) to
create and/or update the index 241. Further, the indexer 23 associates the created
directed graph with the collected resources and registers them in the database 24.

[0049]

The database 24 stores therein information related to the resources collected by
the crawler 21 and is configured to include the index 241 of such information. Further,
the database 24 stores therein the directed graph used to create the index 241. Figs. 2A
and 2B show an example of a database in a search engine according to an embodiment
of the present invention. Fig. 2(a) shows an example of information related to the
resources. The information related to the resources is a structure file that contains, for
example, a resource ID for identifying a resource, a resource name, a URL, a directed
graph ID for identifying a directed graph, and the like. The structure file having the
information related to the resources stored therein is herein referred to as the resource
information file. The index 241 is a structure file that is created by the indexer 23 and
contains index information to be updated. Fig. 2(b) shows an example of the index
241. The index 241 typically has a data structure referred to as an inverted index.

The index information is, for example, a headword extracted from a word sequence in a
directed graph by the N-gram approach. The headword in the index 241 is associated
with a resource (more specifically, a resource ID) so that the headword is associated
with an individual dataset of the resource information file of the database 24. It should
be noted that the index 241 is configured herein as part of the database 24, but the
configuration is not limited thereto and thus both the index 241 and the database 24 may
be configured as separate entities.

[0050]

Reverting to Fig. 1, the query server 25 receives a search query provided from
the client 30, conducts a search on the index 241, extracts information related to a
relevant resource from the database 24 based on a result of the search, and provides the
client 30 with such information as the search result. For example, the query server 25

may calculate a degree of matching between the search query and the extracted
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resources by way of a predetermined method and provide the search result in which the
extracted resources are ranked in accordance with the calculated result. The query
server 25 in the present embodiment directly returns to the client 30 the search result in
response to the search query from the client 30, but the configuration is not limited
thereto. For example, the query server 25 may pass the search result to another
application program via a predetermined application program interface (API), and then
a result of predetermined information processing on the search result by such other
application program may be returned to the client 30. A known query server 25 may
be applied in the information search system 1 of the present embodiment.

[0051]

The client 30 is typically a computing device possessed by a user and may be,
for example, a personal computer. The client 30 includes, for example, a viewer that
functions as a user interface for accessing the search engine 20 via the computer
network 10. The viewer may be a web browser, but the configuration is not limited
thereto. The client 30 may establish a communication session with the search engine
20 via the computer network 10 by utilizing a secure communication technique, such as
SSL. The client 30 is configured to include one or more CPUs (processors), a memory
and any other component; however, since the hardware configuration of the client is
known, a detailed description thereof will be omitted here.

[0052]

Fig. 3 is a diagram for illustrating an example of a dictionary in a search engine
according to an embodiment of the present invention. As shown in Fig. 3, the
dictionary 22 is configured as a table in which a plurality of phrases, which are made up
of one or more words, are stored. Each of the plurality of phrases is associated with
each other for each specific concept. In Fig. 3, for example, each of the phrases
“parp,” “poly | adp | ribose | polymerase” and “PORI | adp | RIBOSU | PORIMERAZE”
are associated with each other and registered in the dictionary. The symbol “|”
(vertical line) represents a delimiter added for separating individual words in the phrase.
As will be described hereinafter, the individual words configuring the phrase can be

handled as individual tokens in a directed graph by separating the words configuring the
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phrase by a delimiter in this manner. It should be noted that the mutually-associated
three phrases are herein shown as a single dataset, but the configuration is not limited
thereto and thus the number of phrases is not limited.

[0053]

Fig. 4 is a block diagram showing a schematic configuration of an indexer of a
search engine according to an embodiment of the present invention. As shown in Fig.
4, the indexer 23 of the present embodiment is configured to include, for example, an
input interface unit 231, a text processing unit 232, a directed graph generation unit 233,
a directed graph search unit 234 and an index creation unit 235.

[0054]

The input interface unit 231 serves as an interface between, for example, the
crawler 21 and the text processing unit 232. The input interface unit 231
communicates with the crawler 21 and inputs, into the text processing unit 232, a text
sentence, such as that shown in Fig. 5, that is contained in the resources collected by the
crawler 21.

[0055]

The text processing unit 232 performs, for example, morphological analysis on
the input text sentence to extract a plurality of tokens. The text processing unit 232
may typically include a language analysis engine (not shown) adapted to the respective
languages such as Japanese and English. A known language analysis engine may be
used for the language analysis engine.

[0056]

The directed graph generation unit 233 generates a directed graph that is based
on the plurality of tokens extracted by the text processing unit 232. More specifically,
the directed graph generation unit 233 connects neighboring tokens by a node for each
of the plurality of tokens extracted by the text processing unit 232 in order to generate a
directed graph (see, for example, Fig. 7(a) that represents the connection relationship
between the plurality of tokens. In other words, a directed graph is generally
represented by edges and nodes, and in the directed graph of the present embodiment, it

can be said that the individual tokens are defined as edge labels and that the directed
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graph is represented by such labelled edges and nodes. The directed graph thus
directly generated from the text sentence by the directed graph generation unit 233
includes only a single path extending from a leading node to a final node. It should be
noted that the directed graph illustrated in the present disclosure is drawn for ease of
understanding and that, in effect, the directed graph is typically treated in a computing
device as a type of data structure that can be interpreted by a processor. The directed
graph generation unit 233 expands and updates the directed graph by dynamically
changing the connection relationship in the directed graph in accordance with the search
result from the below-described directed graph search unit 234.

[0057]

The directed graph search unit 234 sets a phrase to be searched (hereinafter
referred to as the “search-target-phrase”) and conducts a search on the directed graph
based on the search-target-phrase with reference to the dictionary 22. The search-
target-phrase is any one or more tokens in the directed graph and may be selected and
set sequentially from the leading token. More specifically, the directed graph search
unit 234 of the present embodiment conducts a search on the directed graph along the
edges and nodes in a sequential order based on the set search-target-phrase in order to
determine whether or not the search-target-phrase is registered in the dictionary 22. If
the directed graph search unit 234 determines that the search-target-phrase is registered
in the dictionary 22, i.e., if the search-target-phrase is found in the dictionary 22, then
the directed graph search unit 234 locates the location in the directed graph where the
search-target-phrase appeared and notifies the directed graph generation unit 233 of the
located location. In response to this, the directed graph generation unit 233 updates
the directed graph by additionally connecting a phrase associated with the search-target-
phrase in the dictionary 22 between a node in front of the located location and a node
behind the located location in the directed graph. Therefore, in the updated directed
graph to which a new phrase is added, a plurality of paths may be present between the
leading node and the final node of the text sentence, as shown in, for example, Fig. 9(b).
[0058]

The index creation unit 235 creates an index indicating the association with the
18



collected resources based on the final directed graph that can be obtained when the
directed graph search unit 234 terminates the search. More specifically, the index
creation unit 235 traces the updated final directed graph and extracts therefrom a word
(token)-based N-gram (hereinafter referred to as the “word-N-gram”) (i.e., a sequence
of words) in order to create the index 241 by associating the extracted word-N-gram
with a resource. The extracted word-N-gram is treated as a headword. In the present
embodiment, N is equal to or smaller than 3, i.e., N < 3 (where N is a positive number).
Namely, a sequence of one to three words (i.e., a 1-gram, a 2-gram and a 3-gram) is
used as a headword in the index 241. The word-based N-gram is used in the present
embodiment but the configuration is not limited thereto and thus there is no intention to
exclude the use of a character-based sequence (i.e., a sequence of one character, two
characters, ...) as in the conventional N-gram method.

[0059]

Fig. 6 is a flowchart for illustrating index creation processing by a search
engine according to an embodiment of the present invention. Such processing may be
implemented by a processor in a computing device executing a predetermined search
engine program according to the present embodiment.

[0060]

As shown in Fig. 6, the search engine 20 receives a text sentence contained in a
resource collected by the crawler 21 (S601). For example, if the input interface unit
231 receives the resource collected by the crawler 21, the input interface unit 231 inputs
the text sentence contained in the resource to the text processing unit 232. If the
search engine 20 receives the text sentence, the search engine 20 performs
morphological analysis on the text sentence and tokenizes the text sentence, i.e., extracts
a plurality of tokens from the text sentence (S602). For example, the text processing
unit 232 determines the language of the text sentence and extracts the plurality of tokens
from the text sentence through the morphological analysis processing adapted to the
determined language.

[0061]

The search engine 20 then generates a directed graph based on the extracted
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plurality of tokens (S603). For example, the directed graph generation unit 233
connects neighboring edges by a node, with the tokens being used as edge labels, for
each of the plurality of tokens extracted by the text processing unit 232 in order to
generate a directed graph that represents the connection relationship between the
plurality of tokens. Herein, the directed graph first generated from the text sentence
will be referred to as the initial directed graph. Figs. 7A and 7B shows part of the
initial directed graph generated from the input text sentence shown in Fig. 5. Namely,
as shown in Fig. 7A, in the directed graph of the present embodiment, the individual
tokens are defined as edge labels, and the directed graph is represented by such labelled
edges and the nodes. As shown in Fig. 7A, the initial directed graph has only one path
leading from the leading node.

[0062]

It should be noted that the present embodiment shows the directed graph in
which the individual tokens are defined as the edge labels as described above; however,
the configuration is not limited thereto. For example, as shown in Fig. 7(b), a token
may also be defined as a node (i.e., there are two types of nodes) and these two types of
nodes may be connected by a simple edge in the directed graph. It should also be
noted that such graph may be referred to as a lattice in the field of natural language
processing, and the terms “graph” and “lattice” will be used interchangeably in the
present disclosure.

[0063]

Reverting to Fig. 6, the search engine 20 conducts a search on the directed
graph with reference to the dictionary 22, and expands and updates the directed graph in
accordance with the search result (S604). More specifically, the search engine 20
sequentially sets a predetermined term from the directed graph as a search-target-phrase,
which is the target for search, and conducts a search on the directed graph along the
edges and nodes based on such search-target-phrase. Every time the search-target-
phrase is found in the dictionary 22, the search engine 20 expands and updates the
directed graph based on a phrase associated with the found search-target-phrase. The

details of the search/update processing of the directed graph will be described below
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with Fig. 8.
[0064]

After the above-described search/update processing of the directed graph, the
search engine 20 creates an index 241 that indicates the association with the collected
resource based on the updated directed graph (S605). For example, the index creation
unit 235 traces the updated final directed graph, extracts therefrom a sequence of words,
including a 1-gram, a 2-gram and/or a 3-gram, and associates the extracted sequence of
words with the collected resource as a headword in order to create the index 241, such
as that shown in Fig. 2B. The index creation unit 235 also registers the resource
information file, such as that shown in Fig. 2A, in the database 24 so as to correspond to
the created index 241. This allows, for a future search query, a search to be conducted
on resources based on headwords that fall within the extended scope of phrases related
to the search query. In addition, the index creation unit 235 in the present embodiment
associates the updated final directed graph with the collected resources when creating
the index 241 and stores the directed graph associated with such resources in the
database 24. In a case where a search is conducted based on a search query and such
resources are obtained and extracted, the directed graph associated with such resources
is used to present the grounds (e.g., the related phrases) for such resources obtained
through the search.

[0065]

Fig. 8 is a flowchart for illustrating index creation processing by a search
engine according to an embodiment of the present invention. More specifically, Fig. 8
is a flowchart illustrating the details of the search/update processing of the directed
graph shown in Fig. 6.

[0066]

Specifically, as shown in Fig. 8, for example, the directed graph search unit 234
first sets the current directed graph to a directed graph to be searched (S801). Then,
the directed graph search unit 234 sets a predetermined token at the current search
location in the directed graph as a search-target-phrase (S802). At the beginning of the

search, the initial directed graph is the directed graph to be searched and the token
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connected to the leading node of the initial directed graph is set as the search-target-
phrase. Predetermined tokens in the directed graph are sequentially set through the
search of the directed graph. The search-target-phrase corresponds to one or more

tokens.

[0067]

The directed graph search unit 234 then conducts a search on the directed graph
based on the set search-target-phrase with reference to the dictionary 22 (S803). For
example, the directed graph search unit 234 conducts a search on the directed graph
along the edges and nodes in a sequential order based on the set search-target-phrase in
order to determine whether or not the search-target-phrase is registered in the dictionary
22 (S804). The search within the directed graph may be performed in accordance
with, for example, the Knuth-Morris-Pratt (KMP) algorithm, but the configuration is not
limited thereto.

[0068]

If the directed graph search unit 234 determines that the search-target-phrase is
registered in the dictionary 22 (S804, Yes), i.e., if the search-target-phrase is found in
the dictionary 22, the directed graph search unit 234 locates the location in the directed
graph where the search-target-phrase appeared and notifies the directed graph
generation unit 233 of the located location (S805). In response to this, the directed
graph generation unit 233 updates the directed graph by additionally connecting a
phrase associated with the search-target-phrase in the dictionary 22 to between a node in
front of and a node behind the located location in the directed graph (S806). Typically,
such phrase is extracted as one or more tokens and connected to the directed graph.
Thereafter, the directed graph search unit 234 returns to the processing in step S801 to
continue the search. More specifically, the directed graph search unit 234 sets the
current directed graph as the directed graph to be searched (S801), moves to the next
search location and sets the token at such search location as a new search-target-phrase
in order to proceed with the search processing (S802).

[0069]

If, on the other hand, the search-target-phrase is not found in the dictionary 22
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(S804, No), the directed graph search unit 234 determines whether or not a terminal
node of the directed graph has been reached (S807). If the directed graph search unit
234 determines that the terminal node of the directed graph has not yet been reached
(S807, No), the directed graph search unit 234 returns to the processing in step S802 in
order to continue the search in the directed graph. If, on the other hand, the directed
graph search unit 234 determines that the last node of the directed graph has been
reached (S807, Yes), the directed graph search unit 234 terminates the search
processing.

[0070]

By way of the above-described processing, when creating an index for a search
based on an entered text sentence, the search engine 20 is enabled to create the index
based not only on a phrase in the original text sentence but also on individual phrases
that fall under the extended related-phrase family by using the dictionary 22 in which a
plurality of mutually-associated phrases are registered.

[0071]

Next, an example of expansion processing of the directed graph by the search
engine 20 will be described. Fig. 9 is a diagram for illustrating an example of a
process in which a directed graph is expanded by a search engine according to an
embodiment of the present invention. This example shows the expansion of the
directed graph when the search engine 20 creates the index 241 for the resources
including the text sentence shown in Fig. 5 based on the dictionary 22 shown in Fig. 4.
[0072]

The search engine 20 first generates an initial directed graph, such as that
shown in Fig. 7A, based on the entered text sentence as described above. The search
engine 20 then starts conducting a search on the directed graph. If the set search-
target-phrase “poly | adp | ribose | polymerase” is found in the dictionary 22 in such
search process, the search engine 20 connects, in a parallel manner, each of the phrases
“parp” and “PORI | adp | RIBOSU | PORIMERAZE” in the dictionary 22, which are
phrases associated with the search-target-phrase “poly | adp | ribose | polymerase,”

between a beginning node and a terminal node, which are respectively in front of and
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behind the location of the search-target-phrase “poly | adp | ribose | polymerase” in the
directed graph, in order to update the directed graph (Fig. 9(a)).
[0073]

The search engine 20 then proceeds with conducting of a search on the directed
graph. If the phrase “adp | RIBOSU” in the directed graph is set as the search-target-
phrase, the search engine 20 finds this phrase “adp | RIBOSU” in the dictionary 22.

The search-target-phrase “adp | RIBOSU” corresponds to a term has been added to the
directed graph by the search engine 20 in the above-described search process.
Analogously, the search engine 20 connects, in a parallel manner, the phrase “adenosine
| diphosphate | ribose” in the dictionary 22, which is a phrase associated with the search-
target-phrase “adp | RIBOSU,” between a beginning node and a terminal node, which
are respectively in front of and behind the location of the search-target-phrase “adp |
RIBOSU” in the directed graph, in order to update the directed graph (Fig. 9(b)). In
this manner, a further paraphrase may be additionally added to the path including the
added phrases.

[0074]

The search engine 20 then further proceeds with conducting of a search on the
directed graph. If the phrase “parp | inhibitor” in the directed graph is set as the
search-target-phrase, the search engine 20 finds this phrase “parp | inhibitor” in the
dictionary 22. The search-target-phrase “parp | inhibitor” corresponds to a term that is
obtained by combining the phrase “parp,” which has been added to the directed graph
by the search engine 20, with the neighboring word “inhibitor.” Analogously, the
search engine 20 connects, in a parallel manner, the phrase “parp | SOGAI | ZAI” in the
dictionary 22, which is a phrase associated with the search-target-phrase “parp |
inhibitor,” between a beginning node and a terminal node, which are respectively in
front of and behind the location of the search-target-phrase “parp | inhibitor” in the
directed graph, in order to update the directed graph (Fig. 9(c)). In other words, the
phrase “parp | SOGAI | ZAI” is connected, in a parallel manner, to the original path (i.e.,
poly -> adp -> ribose -> polymerase ->inhibitor) in the initial directed graph.

[0075]
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The search engine 20 expands and updates the directed graph by performing
the search operation on the directed graph as described above. As a consequence, the
updated directed graph has several parallel paths formed with respect to the original
path in the initial directed graph. Accordingly, the extraction of headwords based on
such directed graph enables an index to be created based not only on a phrase in the
original text sentence but also on individual phrases (i.e., paraphrases) that fall under the
extended related-phrase family.

[0076]

Fig. 10 is a flowchart for illustrating search processing by a search engine
according to an embodiment of the present invention. Such processing is implemented
by, for example, a processor in a computing device executing a predetermined search
engine program.

[0077]

As shown in Fig. 10, the search engine 20 receives a search query from the
client 30 (S1001). For example, the client 30 transmits the search query to the search
engine 20 when, for example, a user enters a search query to a search screen displayed
on a web browser (not shown). The search engine performs predetermined analysis
processing on the received search query (S1002). For example, the query server 25
creates an N-gram search formula for the search query received from the client 30. In
the present embodiment, the maximum number for N is 3 (i.e., N = 3), but the number is
not limited thereto. Accordingly, if the search query includes four or more words, the
query server 25 extracts 3-gram words and performs an AND search of these words.

For example, if the search query is “platinum and parp inhibitor,” then the search
formula would be “(platinum and parp) AND (and part inhibitor).”
[0078]

The search engine 20 then conducts a search on the index 241 based on the
created search formula (S1003). For example, the query server 25 conducts a search
on the index 241 based on the created search formula to check whether or not there is a
matching headword in the index 241. If there is a matching headword, the query

server 25 refers to the database 24 in accordance with the matching headword to extract
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information, including names and positional information of the resource associated with
the headword, and returns the extracted result to the client 30. For example, the query
server 25 conducts a search on the index 241 based on the search formula “(platinum
and parp” AND (and parp inhibitor),” and thereby the resource containing the text
sentence, such as that shown in Fig. 5, would match and be extracted. If there are a
plurality of extracted results, the query server 25 may rank these results in accordance
with their scores based on a predetermined score calculation. In the present
embodiment, in a case of extracting resources associated with the headword, the query
server 25 also identifies related phrases that served as the grounds for the matching
resources and phrases in text sentences in the resources based on the directed graph
associated with the resources (S1004). The details of the processing for identifying the
search grounds will be described below, with reference to Fig. 11.

[0079]

After the search engine 20 has identified the phrases that served as the search
grounds, the search engine 20 transmits the search result including the phrases that
served as the search grounds to the client (S1005). In response, the client 30 displays
the search result on the search screen onto which the search query is entered.

[0080]

A conventional search engine registers, in an index, a headword that is only
based on a phrase contained in a text sentence in a collected resource and thus, in order
for such resource to be extracted through a search, a search query needs to include the
headword contained in such resource. For example, the conventional search engine
would not create an index having a headword of the phrase “parp inhibitor” with respect
to the text sentence shown in Fig. 5. Accordingly, if the search query from the client
30 is “platinum and parp inhibitor,” a resource that does not include “parp inhibitor”
would not be presented as a search result, or even if such resource is presented for other
reasons, such resource would only be presented with a low rank. In contrast, the
search engine 20 of the present embodiment is enabled to register, in the index 241,
headwords based not only on a phrase contained in the text sentence but also on

individual phrases that fall under the extended related-phrase family. ~Accordingly,
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even if the search query from the client 30 is “platinum and parp inhibitor,” a resource
that does not include “parp inhibitor” would still be presented as a search result.
[0081]

Fig. 11 is a flowchart for illustrating search processing by a search engine
according to an embodiment of the present invention. More specifically, Fig. 11 is a
flowchart for illustrating the details of the processing for identifying the search grounds
shown in Fig. 10.

[0082]

As shown in Fig. 11, the search engine 20 first identifies a directed graph of a
resource that is obtained through a search (S1101). For example, the query server 25
refers to a resource information file of the database 24 as shown in Fig. 2, identifies a
directed graph ID associated with a text sentence in the obtained resource, and reads a
directed graph stored in the database 24 based on the identified directed graph ID. It
should be noted that the search engine 20 in the present embodiment uses the directed
graph IDs stored in association with the obtained resource but the configuration is not
limited thereto and thus a directed graph may be re-generated for the obtained resource
following the search/update processing shown in Fig. 8.

[0083]

The search engine 20 then conducts a search on the identified directed graph
based on the search query (S1102) in order to locate the location within the directed
graph where the search query appeared (S1103). For example, the query server 25
traces each path in the directed graph along edges and nodes in a sequential order to
locate the location where there is a match with the search query. The located location
is either the entirety or part of one path and may therefore include a plurality of edges
and nodes. The search may be performed according to the KMP algorithm.
Alternatively, the search may be performed using tries T.

[0084]

The search engine 20 then identifies a branch node on the original path in the

directed graph, to which the path including the located location is connected (S1104),

and then the search engine 20 identifies a merge node on the original path in the
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directed graph, to which the path including the located location is connected (S1105).
The original path refers to a path in the directed graph that is obtained directly from the
text sentence in the resource and is equivalent to a path in the above-described initial
directed graph (see Fig. 7A). For example, the query server 25 traces the path
including the located location backward (i.e., in the direction opposite to the edge
orientation) from a front-end node of the located location until a node in the text-
sentence-based original path is reached, and the query server 25 identifies the reached
node as the branch node. Further, the query server 25 traces the path including the
located location forward (i.e., in the direction of the edge orientation) from a back-end
node of the located location until a node of the original path is reached, and the query
server 25 identifies the reached node as the merge node. It should be noted that the
query server 25 in the present example identifies the merge node after identifying the
branch node; however, the query server 25 may identify the branch node after
identifying the merge node or the branch node and the merge node may be identified in
a simultaneous and parallel manner.

[0085]

After identifying the branch node and the merge node, the search engine 20
identifies any phrase that is present on the path including the located location between
the branch node and the merge node (S1106). For example, the query server 25 may
extract edge labels during the backward path tracing in step S1104 and the forward path
tracing in step S1105, store the extracted edge labels in a buffer, and identify a phrase
based on the extracted edge labels stored in the buffer. The phrase identified in this
step S1106 corresponds to a related phrase that served as the grounds for a hit obtained
through the search.

[0086]

Subsequently, the search engine 20 extracts any phrase that is present on the
original path between the branch node and the merge node in an analogous manner
(S1107). For example, the query server 25 may extract edge labels from the branch
node to the merge node in the direction of the edge orientation, store the extracted labels

in a buffer, and identify a phrase based on the extracted labels stored in the buffer. The
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phrase identified in this step S1107 corresponds to the phrase in the text sentence that
served as a basis for related phrase generation.
[0087]

It should be noted that the search engine 20 may perform the above-described
processing for identifying the search grounds for each location where the search query
appeared in the directed graph.

[0088]

The above-described processing allows the search engine 20 to provide the user
with related phrases that served as grounds for a hit obtained through a search, even if a
resource obtained in response to a search query is not obtained directly based on a
phrase in the search query but obtained based on phrases related to the phrase in the
search query.

[0089]

In addition, for example, even if a search is conducted on the index 241 of the
present embodiment based on a search query involving an OR search on a plurality of
phrases, the user is still enabled to easily discern the phrases, in the plurality of phrases,
that contributed to the obtaining of a resource with the aid of the presentation of the
search grounds to the user. Further, even if resources are obtained from the search
query that are unexpected by the user, the user is enabled to recognize that the search
engine 20 is functioning normally with the aid of the representation of the search
grounds.

[0090]

An example of processing for identifying the search grounds by the search
engine 20 will be described below. Figs. 12A to 12D are diagrams for illustrating an
example of a process in which search grounds are identified based on a directed graph
of a resource searched by a search engine according to an embodiment of the present
invention. This example shows the identification of the search grounds by the search
engine 20 in the present example based on the directed graph shown in Fig. 9.

[0091]

The search engine 20 first identifies a directed graph ID of the obtained
29



resource from the resource information file of the database 24, as described above, to
read a directed graph, such as that shown in Fig. 12A(a), from the database 24 and starts
conducting a search on the directed graph based on the phrase “diphosphate ribose”
contained in a search query. During such search process, if a phrase that matches the
phrase in the search query is found in a path in the directed graph, the search engine 20
locates the location in the directed graph where such phrase appeared (Fig. 12A(b)).
Hereinafter, a front-end node of the located location will be referred to as the “front-end
node A” and a back-end of the located location will be referred to as the “back-end node
B.”

[0092]

The search engine 20 then traces the path including the located location
backward from the front-end node A until a node in the text-sentence-based original
path is reached, and the reached node is identified as a branch node A’. The search
engine 20 traces the path including the located location forward from the back-end node
B until a node in the original path is reached, and the reached node is identified as a
merge node B’ (Fig. 12B(c)).

[0093]

The search engine 20 then traces the path from the branch node A’ to the merge
node B’ via the path including the located location to identify the phrase “PORI |
adenosine | diphosphate | ribose | PORIMERAZE.” The phrase in the located location
is the phrase related to the search query, i.e., the related phrase that served as the
grounds for the obtained resource. The search engine 20 then also traces the original
path that is based on the text sentence in the resource from the branch node A’ to the
merge node B’ to identify the phrase “poly | adp | ribose | polymerase” (Fig. 12B(d)).
The identified phrase in the original path corresponds to the phrase in the text sentence
that served as a basis for related phrase generation.

[0094]

After the search engine 20 identifies the phrase that served as the search

grounds as described above, the search engine 20 transmits the search result including

such phrase that served as the search grounds to the client 30. In response to this, the
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client 30 may display the search result on a web browser.
[0095]

Figs. 13A to 13C show examples of a search result screen displayed on a client
in an information search system according to an embodiment of the present invention.
[0096]

In the example shown in Fig. 13A, the search result screen 1300A shows, for
example, a name 1302 of a resource and a link 1303 to the resource. Such resource is
obtained through a search by the search engine 20 based on a search query entered into
a search query input field 1301. In the example shown in Fig. 13A, the name “Cancer
therapeutic drugs” of the resource that is obtained in response to the search query
““diphosphate ribose’ OR ‘parp SOGAIZATI’” and the URL of such resource are shown.
The search result screen of the present embodiment also includes: a body text display
area 1304 and a search ground display area 1305. For example, the body text display
area 1304 and the search ground display area 1305 may be arranged side by side. The
body text display area 1304 displays at least part of the text sentence in the resource
obtained in response to the search query. The displayed text sentence may be, for
example, at least part of the text sentence related to the phrase in the search query. The
search ground display area 1305 displays the related phrase that served as grounds for
the resource to be obtained in response to the search query. The related phrase is
highlighted for better visibility for the user by techniques such as color coding,
hatching, bold type, italic type or boxed type. The example in Fig. 13 A indicates
which related phrase the phrase in the resource obtained in response to the phrase in the
search query, is associated with. In other words, the example indicates which phrase in
the text sentence in the resource is replaced by which related phrase that led to the
obtained resource.

[0097]

Fig. 13B shows the search result screen 1300B in which at least part of the text
sentence in the resource that is obtained in response to the search query and the related
phrase that served as grounds for the resource to be obtained in response to the search

query are displayed in the body text display area 1304°. The related phrase may be
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highlighted for better visibility for the user. The search result screen 1300B in the
present example also includes a checkbox 1306 for allowing the user to arbitrarily select
whether or not to display the search grounds. If the checkbox 1306 is checked, the
search grounds are displayed in the search result screen 1300B. For example, when
the user enters a search query and is presented with the search result, if the user wants to
view the search grounds, the checkbox 1306 may be checked in order to display the
search grounds. In this manner, after the search result screen 1300B is displayed in an
abbreviated form, the user is enabled to selectively display the search grounds of the
relevant part.

[0098]

Fig. 13C shows the search result screen 1300C in which at least part of the text
sentence in the resource that is obtained in response to the search query is displayed in
the body text display area 1304. When the user operates a pointer cursor 1307 to
hover the pointer cursor 1307 over the related phrase, the search ground display area
1305’ is displayed in a pop-up manner. The related phrase may be highlighted so that
the user can know which phrase the related phrase is associated with.

[0099]

As described above, the search result screen of the present embodiment
displays, in a mutually-associated manner, the text sentence in the resource that is
obtained in response to the search query and the related phrase that served as grounds
for the resource to be obtained. This configuration enables the user to easily recognize
the related phrase that served as the search grounds.

[0100]

Another example of search/update processing of a directed graph illustrated in
Fig. 8 will be described below. In this example, the search is conducted only on edges
(tokens) in the directed graph that have not yet been searched. In other words, re-
search on the tokens that have already been searched is avoided. For this purpose, a
tree structure configured by an ordered node is used in the present example. Such tree
structure is known as a trie or a prefix tree. Specifically, in the trie, all nodes

subordinate to a node have a shared prefix in their corresponding character string (here,
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atoken). In the present example, individual words that configure a phrase in the
dictionary 22 are allocated to edges between nodes in the trie. For ease of
understanding, descriptions will be provided hereinafter based on the premise that the
phrases, such as those shown in Fig. 14, are registered in part of the dictionary 22.
[0101]

The search engine 20 of the present example comprises a trie created based on
the dictionary 22. Fig. 15 is a diagram for illustrating an example of a trie created
based on the phrases registered in the dictionary shown in Fig. 14. The trie T is
typically a type of data structure or data arrangement that can be interpreted by a
processor in a computing device, and is configured, for example, as one or more files or
tables, but the configuration is not limited thereto. For example, the trie T may be
configured as a static file or table, and the entirety or part thereof may not be memory-
resident and may be dynamically configured during execution of processing in
accordance with a predetermined algorithm.

[0102]

As shown in the trie T in Fig. 15, the individual words in the phrase registered
in the dictionary 22 are allocated in a sequential order to the edges between the nodes,
with the node n0 being set as a root node. Each node is assigned with, for example, a
unique number. The root node n0 is assigned with, for example, the number “0.” In
Fig. 15, each of the rest of the nodes is assigned with a number from 1 to 10 for the sake
of convenience. A solid node in Fig. 15 represents a phrase terminal node and
functions as a flag for recognizing a phrase registered in the dictionary 22. In other
words, a phrase indicated by the path from the root node n0 to the phrase terminal node
corresponds to a phrase registered in the dictionary 22. For example, as shown in Fig.
14, both “EIYOU” and “EI'YOU | RYOUHOU?” are registered in the dictionary 22 and
thus, the nodes n3 and n9 in the trie T shown in Fig. 15 are phrase terminal nodes.
[0103]

Figs. 16A and 16B are flowcharts for illustrating another example of index
creation processing by a search engine according to an embodiment of the present

invention. More specifically, Figs. 16A and 16B are flowcharts of search/update
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processing of a directed graph.
[0104]

As shown in Fig. 16A, the directed graph generation unit 233 may first assign,
for example, the number “0” representing a root node n0 (i.e., the root number) of a trie
to each node of the initial directed graph (S1601). Alternatively, assignment of the
root numbers to the respective nodes in the initial directed graph may be performed
when the initial directed graph is generated (see S603 in Fig. 6).

[0105]

Next, the directed graph search unit 234 sets the initial directed graph as the
directed graph to be searched (S1602), and then selects one leading node in the directed
graph and sets this leading node as the current search node (S1603). Then, the selected
search node is stored as a searched node. At this point in time, the directed graph
search unit 234 caches the position of the search node and a start position where a
phrase is to be inserted (hereinafter referred to as the “phrase-insertion-start position’)
in a cache region (not shown) (S1604). Accordingly, the directed graph search unit
234 is enabled to locate the positions of nodes that are not yet searched and the
positions where the related phrase should be inserted based on the cached content.
[0106]

The directed graph search unit 234 then determines whether or not a token
(phrase) associated with the search node is to be searched (retrieved) in accordance with
the corresponding node in the trie T (S1605). More specifically, the directed graph
search unit 234 identifies a token of an edge connected to the search node and
determines whether or not the identified token matches a token of an edge connected to
the node of the trie T that corresponds to the number assigned to the search node. If
the identified token is searched in the trie T (S1605, Yes), the directed graph search unit
234 additionally assigns the number assigned to a node downstream of the token in the
trie T to a node downstream of the identified token in the directed graph (S1606 in Fig.
16B).

[0107]

For example, if one considers the token connected to the search node in the
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directed graph to be “tpn,” in this case, the directed graph search unit 234 finds the
token “tpn” of the edge connected to the root node n0 in the trie T, and additionally
assigns the number “2” of the downstream node connected to such edge to the
downstream node connected to the token “tpn” in the directed graph (see Fig. 17(b)).
[0108]

The directed graph search unit 234 then determines whether or not the
downstream node of the trie T is a phrase terminal node (S1607). If the downstream
node is determined to be a phrase terminal node (S1607, Yes), the directed graph search
unit 234 determines whether there is a node further downstream of such downstream
node (S1608). If the directed graph search unit 234 determines that there is no further
downstream node (S1608, No), the directed graph generation unit 233 extracts a related
phrase of the token (phrase) with reference to the dictionary 22 (S1609) and additionally
connects the extracted related phrase between the relevant nodes in the directed graph in
order to update the directed graph (S1610). In other words, the directed graph
generation unit 233 connects the path including the related phrase, in a parallel manner,
between a node at the cached phrase-insertion-start position and the node (i.e. the node
at the back-end position of the insertion) downstream of the token in the directed graph.
After the directed graph has been updated by the directed graph generation unit 233, the
directed graph search unit 234 assigns the number “0” of the root node n0 to a node
connected to the newly added related phrase in the directed graph (S1611) and returns to
the processing in step S1603 (Fig. 16A).

[0109]

If, on the other hand, the directed graph search unit 234 determines that the
downstream node of the trie T is not a phrase terminal node (S1607, No), the directed
graph search unit 234 returns to the processing in step S1603 in order to set a next
search node. In addition, if the directed graph search unit 234 determines that the
downstream node of the trie T has a further downstream node (S1608, Yes), the directed
graph search unit 234 also returns to the processing in step S1603 in order to set a next
search node.

[0110]
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In step S1605, if the directed graph search unit 234 fails to search the identified
token in the trie T (S1605, No), the directed graph search unit 234 determines whether
or not all of the nodes in the directed graph have been searched (S1612). If the
directed graph search unit 234 determines that not all of the nodes in the directed graph
have been searched (S1612, No), the directed graph search unit 234 returns to the
processing in step S1603 in order to continue the search in the directed graph. On the
other hand, if the directed graph search unit 234 determines that all of the nodes in the
directed graph have been searched (S1612, Yes), the directed graph search unit 234
terminates the search processing.

[0111]

An example of directed graph expansion processing by a search engine 20
using the above-described trie T will now be described. Fig. 17 is a diagram for
illustrating another example of a process in which a directed graph is expanded by a
search engine according to an embodiment of the present invention. It should be noted
that a blank node in Fig. 17 represents a node to be searched (i.e., a not-yet-searched
node) and a solid node represents a node that has already been searched.

[0112]

If one considers that an initial directed graph is generated based on the entered
text sentence as described above, Fig. 17(a) shows part of such initial directed graph.
Each node in the initial directed graph is assigned with the root number “0.” In the
process of conducting a search on the directed graph, the directed graph search unit 234
sets a node indicated by a blank arrow as a search node. The directed graph search
unit 234 also caches the position of the search node and a start position where a phrase
is to be inserted in a cache region.

[0113]

The directed graph search unit 234 then determines whether or not the token
“tpn” of an edge connected to the search node matches a token of an edge connected to
the node in the trie T that corresponds to the number “0” of such search node. In the
present example, one of the edges connected to the root node n0 in the trie T has the

token “tpn” and thus the directed graph search unit 234 additionally assigns the number
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“2,” which is assigned to a node downstream of the token in the trie T, to a node
downstream of the token in the directed graph (Fig. 17(b)).
[0114]

The directed graph search unit 234 then determines that the downstream node
of the token in the trie T is a phrase terminal node. In response, the directed graph
generation unit 233 adds, to the directed graph, the phrase “total|parenteral|nutrition”
related to the token (phrase) with reference to the dictionary 22 (Fig. 14) in accordance
with the cached phrase-insertion-start position. The directed graph generation unit 233
also assigns the number “0” representing a root node n0 to a newly added node (Fig.
17(c)).

[0115]

Thereafter, the directed graph search unit 234 proceeds with the search
processing in an analogous manner. If one considers that the filled-in nodes have
already been searched and a node indicated by a blank arrow is set as a search node as
shown in Fig. 17(d), then, in accordance with the token “nutrition” of the edge from the
node n6, the directed graph search unit 234 assigns the node number “9” of a node
subordinate to the node n6 to a subordinate node in the directed graph in the search in
the trie T. The node n6 is a phrase terminal node. Therefore, the directed graph
search unit 234 would normally connect a path including the phrase (token) “tpn”
related to the phrase “total | parenteral | nutrition” with reference to the dictionary 22;
however, the related phrase “tpn” is already present at the phrase insertion position and
thus the directed graph search unit 234 does not connect this path. This configuration
suppresses redundant path addition in the directed graph expanding processing.

[0116]

Subsequently, the directed graph search unit 234 proceeds with the search
processing in an analogous manner. The node n4 in the trie T is a phrase terminal node
and thus a path including the token “EI'YOU” is connected to a phrase insertion position
in the directed graph with reference to the dictionary 22 (Fig. 17(e)).

[0117]

As aresult of the directed graph search by the directed graph search unit 234 as
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described above, the directed graph generation unit 233 finally generates the directed
graph shown in Fig. 17().
[0118]

It should be noted that, regarding the above-described processing, part of the
processing performed by the directed graph generation unit 233 may be performed by
the directed graph search unit 234 and/or part of the processing performed by the
directed graph search unit 234 may be performed by the directed graph generation unit
233.

[0119]

As described above, according to the present embodiment, an index 241 is
created that enables the collected resources to be efficiently searched in the index-type
search engine. As such, a user is enabled to access the collected resources by phrases
other than the phrases contained in the collected resources that served as the basis for
creating the index 241. Consequently, resources including a related-phrase family,
such as synonyms, can be searched in an extensive and efficient manner based on a
specific phrase in a specialized field such as the medical field.

[0120]

In addition, even if a search is conducted on the index 241 of the present
embodiment based on a search query involving, for example, an OR search, a user is
still enabled to easily discern the phrases, in the plurality of phrases, that contributed to
the obtained resources with the aid of the representation of the search grounds to the
user. Further, even if resources are obtained from the search query that are unexpected
by the user, the user is still enabled to recognize that the search engine 20 is functioning
normally with the aid of the representation of the search grounds.

[0121]

The above-described respective embodiments are illustrations for describing
the present invention and are not intended to limit the invention only to these
embodiments. The present invention may be implemented in various forms as long as
they do not depart from the scope of the present invention.

[0122]
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For example, regarding the methods disclosed in the present specification,
steps, operations or functions may be implemented in parallel or in a different order, as
long as the results are not inconsistent. The described steps, operations and functions
are only provided as examples, and some of the steps, operations and functions may be
omitted, combined into a single step, operation or function, or other steps, operations
and functions may be added within a scope not departing from the scope of the present
invention.

[0123]

Further, various embodiments are disclosed in the present specification;
however, a specific feature (technical matter) in an embodiment may be added to a
different embodiment, with an appropriate modification, or may be replaced with a
specific feature in such different embodiment, and such form is also included in the

scope of the present invention.

INDUSTRIAL APPLICABILITY
[0124]
The present invention can be extensively used in the field of information search

techniques.

Reference Numerals
[0125]
1  information search system
10 computer network
20 search engine
21 crawler
22 dictionary
23 indexer
231 input interface unit
232 text processing unit

233 directed graph generation unit
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234  directed graph search unit
235 index creation unit

24 database
241 index

25 query server

30 client
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CLAIMS

1. An apparatus for creating an index for conducting a search on a database based
on a resource including a text sentence, comprising:

a dictionary that includes a plurality of phrases associated with each other for
each specific concept;

an input interface unit that receives an input of the resource;

a text processing unit that performs processing for extracting a plurality of
words, as tokens, from the text sentence in the received resource;

a directed graph generation unit that generates a directed graph representing a
connection relationship between the extracted plurality of tokens in accordance with the
text sentence;

a directed graph search unit that conducts a search on the directed graph based
on a search-target-phrase and that, if the search-target-phrase is found in the dictionary,
locates a location in the directed graph where the search-target-phrase appeared; and

an index creation unit that creates an index indicating association with the
resource based on the plurality of tokens in the directed graph,

wherein the directed graph search unit sets at least one token in the directed
graph to be the search-target-phrase and refers to the dictionary based on the set search-
target-phrase, and

wherein the directed graph generation unit adds to the directed graph, based on
the dictionary, a new token that is based on at least one phrase associated with the

search-target-phrase in order to update the directed graph.

2. The apparatus according to claim 1, wherein the directed graph generation unit
generates the directed graph in which neighboring tokens, in the plurality of tokens, are

connected to each other by a node.

3. The apparatus according to claim 2, wherein the directed graph generation unit

connects the at least one phrase associated with the search-target-phrase found in the
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dictionary between a node in front of and a node behind the appearance location in the

directed graph.

4. The apparatus according to claim 1, wherein the directed graph search unit

conducts a search on a directed graph updated by the directed graph generation unit.

5. The apparatus according to claim 4, wherein the directed graph search unit
conducts a search on the updated directed graph so as to avoid a re-search of a token

that has already been searched in the updated directed graph.

6. The apparatus according to claim 5,

wherein the directed graph includes a plurality of nodes that connect
neighboring tokens to each other in the plurality of tokens, and

wherein the directed graph search unit stores a node that is associated with a
token that has already been searched as a searched node and conducts a re-search on a

token that is connected to a node other than the searched node.

7. The apparatus according to claim 1, further comprising a data arrangement that
indicates a tree structure arranged based on the plurality of phrases included in the
dictionary, the tree structure having an ordered node corresponding to each of the
plurality of phrases,

wherein the directed graph search unit conducts a search on the directed graph

with reference to the tree structure.

8. The apparatus according to claim 7, wherein the directed graph search unit
determines that the search-target-phrase has appeared in the directed graph, if the
search-target-phrase matches at least one phrase corresponding to at least one ordered

node in the tree structure.

9. The apparatus according to claim 8, wherein the directed graph generation unit
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adds to the directed graph a new token that is based on at least one phrase in the
dictionary in order to update the directed graph, the at least one phrase being associated

with the matched search-target-phrase.

10. The apparatus according to claim 1, wherein the index creation unit extracts an
N-gram based on the plurality of tokens in the updated directed graph and creates the

index based on the extracted N-gram.

11. The apparatus according to claim 10, wherein the index creation unit extracts a

word-based N-gram as the N-gram.

12. A search apparatus, comprising:

an index created by the apparatus according to claim 1;

a resource information file that is related to the resource associated with the
index; and

a query server that conducts a search on the index based on a search query,
identifies at least one resource from the resource information file based on the result of
the search, and outputs a search result indicating the identified at least one resource,

wherein the query server identifies, based on a directed graph being obtained
from the identified at least one resource and including a predetermined related phrase
that is related to a phrase in the at least one resource, a ground phrase that served as
grounds for the at least one resource to be identified and an original phrase, in the at
least one resource, that is associated with the ground phrase, and

wherein the search result includes the ground phrase and the original phrase.

13. A method executed by a computing device for creating an index for conducting
a search on a database based on a resource including a text sentence, the method
comprising, under control of a processor of the computing device:

loading a dictionary including a plurality of phrases associated with each other

for each specific concept into a memory accessed by the processor;
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receiving an input of the resource via an input interface unit;
performing text-processing for extracting a plurality of words, as tokens, from
the text sentence in the received resource;
generating a directed graph representing a connection relationship between the
extracted plurality of tokens in accordance with the text sentence in order to expand the
directed graph in a memory accessed by the processor;
searching the directed graph with reference to the dictionary based on a search-
target-phrase; and
creating an index indicating the association with the resource based on the
plurality of tokens in the directed graph in order to register the index in the database,
wherein the searching the directed graph includes:
setting at least one token in the directed graph to be the search-target-
phrase;
referring to the dictionary based on the set search-target-phrase; and
if the search-target-phrase is found in the dictionary, locating a
location in the directed graph where the search-target-phrase appeared, and
wherein the generation of the directed graph includes:
adding to the directed graph a new token that is based on at least one
phrase associated with the search-target-phrase found in the dictionary in order to

update the directed graph.

14. The method according to claim 13, wherein the generating the directed graph
includes generating the directed graph in which neighboring tokens, in the plurality of

tokens, are connected to each other by a node.

15. The method according to claim 14, wherein the generating the directed graph
includes connecting the at least one phrase associated with the search-target-phrase
found in the dictionary between a node in front of and a node behind the appearance

location in the directed graph.
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16. The method according to claim 13, wherein the searching the directed graph
includes conducting a search on the updated directed graph as a new directed graph to

be searched.

17. The method according to claim 13, wherein the creation of the index includes
extracting an N-gram based on a plurality of words in the updated directed graph and

creating the index based on the extracted N-gram.

18. The method according to claim 17, wherein the creation of the index includes

extracting a word-based N-gram as the N-gram.

19. An information search method executed by a search apparatus including a
search engine, the method comprising, under control of a processor of the search
apparatus:

conducting a search on an index in a database of the search apparatus based on
a search query received from a client computer index in order to identify at least one
resource from a resource information file based on the result of the search;

expanding a directed graph being obtained from the identified at least one
resource and including a predetermined related phrase that is related to a phrase in the at
least one resource in a memory accessed by the processor and identifying, based on the
directed graph expanded in the memory, a ground phrase that served as grounds for the
at least one resource to be identified and an original phrase, in the at least one resource,
that is associated with the ground phrase; and

outputting information, as a search result, indicating the at least one resource,
the ground phrase and the original phrase in order to transmit the search result to the

client computer.

20. A computer program for causing a computing device to implement a method
for creating an index for conducting a search on a database based on a resource

including a text sentence, the method comprising:
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loading a dictionary including a plurality of phrases associated with each other
for each specific concept in a memory accessed by the processor of the apparatus;
receiving an input of the resource via an input interface unit;
performing text-processing for extracting a plurality of words, as tokens, from
the text sentence in the received resource;
generating a directed graph representing a connection relationship between the
extracted plurality of tokens in accordance with the text sentence;
conducting a search on the directed graph with reference to the dictionary
based on a search-target-phrase; and
creating an index indicating the association with the resource based on the
plurality of tokens in the directed graph,
wherein the conducting the search on the directed graph includes:
setting at least one token in the directed graph to be the search-target-
phrase;
referring to the dictionary based on the set search-target-phrase; and
if the search-target-phrase is found in the dictionary, locating a
location in the directed graph where the search-target-phrase appeared, and
wherein the generating the directed graph includes:
adding to the directed graph a new token that is based on at least one
phrase associated with the search-target-phrase found in the dictionary in order to

update the directed graph.
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